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ABSTRACT

Agricultural production systems are highly vulnerable to variations in climate, soil and topography of different
regions. For sustainable agricultural management, all these factors need to be analysed on spatio-temporal basis.
The advanced techniques like remote sensing, global positioning system and geographical information system can
be of great use for their assessment and management. Remote sensing and GIS are very important tools having
wide range of applications to tackle these issues. These technologies have manifold applications in agriculture
including crop discrimination, crop growth monitoring / stress detection, crop inventory, soil moisture estimation,
computation of crop evapo-transpiration, site-specific management/ precision agriculture, crop acreage estimation
and yield prediction. Timely and reliable information on crop acreage, growth condition and yield estimation can
be highly beneficial to the producers, managers and policy planners for taking tactical decisions regarding food
security, import/export and economic impact. Such information on regional basis can be made available with the
use of remote sensing and GIS techniques. Remote sensing and GIS can also be used very effectively in land use /
land cover analysis as well as damage assessment because of drought, floods and other extreme weather events An
attempt has been made in the present study to review, analyse and evaluate the latest information regarding the
application of remote sensing techniques for crop monitoring, crop condition assessment and yield estimation for
sustainability of agriculture and natural resources under changing climatic scenarios.
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lobal warming resulting from green house effect has

threatened the sustainability of natural resources
and agriculture in many regions over the earth’s surface.
Significant rise in extreme weather events has been observed
globally in the recent past. Nilam cyclone of 2012, Uttrakhand
landslides and floods of 2013 and Hudhud cyclone of 2014
are the recent examples of such events in India, which have
far reaching long-term socio-economic impacts. Global
warming triggered climatic changes and extreme weather
events have a significant impact on agriculture. Because
of large variations in climatic conditions, crops have to
suffer from different types of stresses leading to reduced
crop productivity and year to year variability. Under such
conditions, rapidly emerging remote sensing and geospatial
technology can be of great help for crop growth monitoring,
identification and management of different types of stresses
and regional yield estimations to sustain the natural resources
and agricultural productivity. Atzberger (2013) has illustrated
five major applications of remote sensing in agriculture
including biomass and yield estimation, vegetation vigor and
drought stress monitoring, assessment of crop phenological
development, crop acreage estimation and cropland mapping,
mapping of disturbances and land use land cover changes in
addition to precision agriculture and irrigation management.
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Agriculture in India is hindered due to small land-
holdings, inadequate resources and lack of agro-technological
information. Under the changing climatic scenarios,
agricultural planning and use of agricultural technologies
need precise spatio-temporal meteorological and crop
information for accurate data analyses, forecasts and their
effective application in agricultural planning and management
decisions, irrigation scheduling, crop stress management
and preparedness for calamities and sustainability of natural
resources and ecosystems over different regions. The broad
objective of sustainable agriculture is to balance the inherent
land resources with crop requirements, paying special
attention to optimization of resource use towards achievement
of sustained productivity over a long period (Lal and Pierce,
1991). Although the conventional methods of acquiring
weather and crop growth status information are reliable, but
they are labour intensive and time consuming. However,
recently remote sensing (RS) and geographical information
system (GIS) technologies are gaining importance for
acquiring spatio-temporal meteorological and crop status
information for complementing the traditional methods.
Remote sensing data can greatly contribute to the monitoring
by providing timely, synoptic, cost-efficient and repetitive
information about the earth’s surface (Justice et al., 2002).

Under the changing climatic conditions, quick spatio-

temporal assessment of extreme weather events and crop
growth status including crop stress detection and damage



assessment is difficult using conventional methods. Under
such conditions, geospatial technology i.e. Remote sensing
and GIS are highly applicable for acquisition and management
of huge spatio-temporal data by using satellite information,
digital maps and simulation models etc. This technology
is highly advantageous because of rapid and repetitive
data availability, quick analysis and generation of valuable
information for decision-makers and policy planners. Remote
sensing technology has the potential of revolutionizing the
detection and characterization of agricultural productivity
based on biophysical attributes of crops and/or soils (Liaghat
and Balasundram, 2010). Data recorded by remote sensing
satellites can be used for yield estimation (Bernerdes et al.,
2012; Doraiswamy et al., 2005), acreage estimation (Golford
et al., 2008), crop phenological information (Sakamoto et
al., 2005), detection of stress situations (Gu et al., 2007) and
disturbances.

Remote sensing provides a cheap alternative for data
acquisition over large geographical areas (De beurs and
Townsend, 2008). Remote sensing along with GIS is highly
beneficial for creating spatio-temporal basic informative
layers and generating valuable integrated information by
superimposing different basic layers. This technology can
be successfully applied to diverse fields including floodplain
mapping, hydrological modeling, surface energy flux, urban
development, land use changes, crop growth monitoring
and stress detection. Today, remote sensing is potentially a
practical management tool for site-specific crop management
in precision agriculture (Casady and Palm, 2002). Keeping in
view the importance of remote sensing and GIS technology
under changing climatic conditions, the relevant literature on
application of remote sensing and GIS for sustainability of
agriculture and natural resources is reviewed and reported in
the present manuscript.

Basic aspects

The basic concept of data acquisition through remote
sensing revolves around the spectral reflectance characteristics
of different surface features. The advent of multispectral and
hyperspectral remote sensing technology has widened its
applications in different fields. These technologies are highly
applicable in agriculture because multispectral reflectance
and temperatures of the crop canopies are related to two
important plant physiological processes i.e. photosynthesis
and evapotranspiration. Chlorophyll pigment absorbs mainly
in the Blue and Red part of the electromagnetic spectrum
and reflects the green (Chappelle et al., 1992) (Fig. 1). The
percentage of radiation reflected from the leaf is higher in the
NIR than in the green (Gausman et al., 1971). The spectral
behaviour of the leaf changes during senescence and in plants
subjected to stress (e.g disease, pest, N shortage) by reflecting
more red light and absorbing more NIR. Opposite behavior is
shown in healthy plants with high values of reflectance in the
NIR region and low values in red portion (Pinter et al., 2003).
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Similarly, soil reflects less in the blue region, but its
reflectance properties increase monotonically in the visible
and NIR regions of the spectrum (Price, 1990). Spectral
properties of the soil mainly depend on soil constituents such
as soil organic matter, iron oxides and moisture, and soil
roughness such as particle and aggregate size. High soil water
and high organic matter contents show lower reflectance
while soils with low water content and smooth surface tend
to be brighter (Daughtry, 2001). In the presence of iron
oxides, soil reflectance is higher in the red portion of the
spectrum. Crop residues on soil surface also cause variation
in reflectance as compared to bare soil and partial canopy
cover (Daughtry et al., 1996; Nagler ef al., 2000; Barnes et
al., 2003). Similarly, interaction of electromagnetic radiation
with crops is influenced by chlorophyll and water content in
optical region, whereas crop geometry and dielectric property
influences the response in microwave region. Thus, based
on the spectral reflectance characteristics, different surface
features and their properties can be assessed by using remote
sensing techniques.
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Fig. 1. Spectral signatures of different surface features

Crop inventory

The science of remote sensing can play a pivotal role in
crop identification and area estimation and, therefore, has a
significant role in inventorying data base on different crops. A
number of studies using aerial photographs and digital image
processing techniques have been reported in literature. It
helps in reducing the amount of the field data to be collected
and provides higher precision of the estimate. Pan et al.
(2009) used Quick Bird imagery and a Production Efficiency
Model (PEM) to estimate crop yields in Zhonglianchuan,
a hilly area on Loess Plateau, China. In the PEM model,
crop yields were a function of the Photosynthetically Active
Radiation (PAR), fraction of Absorbed Photosynthetically
Active Radiation (fAPAR) and Light Use Efficiency (LUE).
Results showed that Quick Bird imagery improved the yield
estimation accuracy. The information extracted from the
image was highly correlated to estimated yields from ground
data collection (r* = 0.86). Kurtz et al. (2009) used multi-
temporal LANDSAT imagery in order to classify land cover
types and grazing intensity. Grazing intensity categories were
defined based on percentage of bare soil, sward height and
standing dead material. Correlation analysis between spectral
ratio, i.e. Normalized Difference Vegetation Index (NDVI)
and above ground biomass was significant. Meanwhile, in



some other studies Synthetic Aperture Radar (SAR) data
was utilized to quantify biomass in a wetland for the purpose
of optimizing livestock management. The signal sensitivity
corresponding to biomass variation was high enough to
facilitate high accuracy biomass mapping.

Physiological studies

Remote sensing data have been exploited to estimate
canopy characteristics by using empirical approaches based
on spectral indices (D’Urso et al., 2004; Schlerf et al., 2005).
Different properties such as plant density, leaf area index,
chlorophyll content etc. (Asner, 1998; Datt, 1998; Ceccato
et al., 2001; Champagne et al., 2003; Gupta et al., 2003;
Merzlyak et al., 2003; Pu et al., 2003; Stimson et al., 2005;
Chun-Jiang ef al., 2006) can be estimated using hyperspectral
imagery. These studies investigated the spectral reflectance
properties of the plants, identifying key spectral wavebands
related to specific plant physiological and structural
characteristics, hence deriving sensitive vegetation spectral
indices for their non-destructive estimation. Analysis of
hyperspectral remote sensing data has been carried out to
estimate LAI for agricultural crops and forests. Schlerf ef al.
(2005) investigated several narrow and broad band vegetation
indices in order to explore the possibolity of hyperspectral
data to improve the estimation of biophysical variables such
as LAI, canopy crown and crown volume when compared to
multispectral analyses.

The spectral and spatial information content of the satellite
data was exploited to validate canopy reflectance models such
as PROSPECT and SAILH (D’Urso et al., 2004). Results
obtained for the crops under investigation encourage the use
of canopy reflectance models in the inverse mode in order
to retrieve other vegetation parameters such as chlorophyll
content, dry matter and canopy geometrical characteristics
like mean leaf inclination angle. The accurate estimation of
plant water status and plant water stress is essential for the
integration of remote sensing into precision agricultural and
forestry management. The potential to spectrally estimate
plant physiological properties over relatively large areas,
and to predict plant water status and plant water stress has
been demonstrated for agricultural crops (Champagne et
al., 2003) and forestry species (Stimson et al., 2005). These
studies indicated the potential use of vegetation spectral
indices derived from various scales of remote sensing data
for determining plant physiological properties and improving
estimates of plant physiological and structural characteristics
from hyperspectral data, allowing for much more detailed
spectral analyses and hence more accurate estimates.

Monitoring of vegetation status

Remote sensing of soil and crop can be an attractive
alternative to the traditional methods of field scouting because
of'the capability of covering large areas rapidly and repeatedly
providing spatial and temporal information necessary for
sustainable soil and crop management (Basso et al., 2004).
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The potential of remote sensing in agriculture is very high
because of its ability to infer about soil and vegetation cover
as a non-destructive mean. Numerous spectral vegetation
indices (VIs) have been developed to characterize vegetation
canopies. A most significant intellectual challenge to
ecologists and bio-geographers is to understand spatio-
temporal patterns of vegetation (Liu, 2007). Omuto (2011)
while tracing the footprint of vegetation dynamics modelled
a relationship between Advanced Very High Resolution
Radiometer (AVHRR) / Moderate Imaging Spectro-
radiometer (MODIS) NDVI and rainfall using regression
analysis. Results showed a high correlation between rainfall
and NDVI which proved that vegetation trend monitoring
with RS and GIS can give accurate indication of climate
change. Eckert et al. (2011) assessed aboveground biomass
and carbon stock for degraded forest in the Analanjirofo
region, North East of Madagascar. Carbon stock within the
two classes were calculated and linked to a multi-temporal
set of SPOT satellite data acquired in 1991, 2004 and 2009
together with forest prediction for 2020 for the study area.

Precision agriculture

Remote sensing technology is a key component of
precision farming and is being used by an increasing number
of scientists, engineers and large-scale crop growers (Liaghat
and Balasundram, 2010). Precision farming aims at reduced
cost of cultivation, improved control and improved resource
use efficiency through information received by the sensors
fitted with the farm machineries. Variable rate technology
(VRT) is the most advanced component of precision farming.
Sensors are mounted on the moving farm machineries
containing a computer which provides input recommendation
maps and thereby controls the application of inputs based on
the information received from GPS receiver (NRC, 1997).

Nutrient and water stress

Nutrient and water stress management is one of the
most important fields where we can opt for application of
remote sensing and GIS through the application of precision
farming. Detecting nutrient stresses using remote sensing
and GIS can help in site specific nutrient management and
thereby can reduce the cost of cultivation as well as increase
the fertilizer use efficiency. In the semi-arid and arid regions,
judicious use of water can be possible through adaptation of
precision technologies. For example drip irrigation coupled
with information from remotely sensed data such canopy-
air temperature difference can be used to increase the water
use efficiency by reducing the runoff and percolation losses
(Das and Singh, 1989). Development in remote sensing data
acquisition capabilities, data processing and interpretation of
ground based, airborne and satellite observations have made
it possible to couple RS technologies and crop management
systems to improve nutrient and water use efficiency.
Mukherjee ef al. (2014) standardized the spectral reflectance
characteristics of wheat under water stress conditions. The



spectral reflectance in the visible region was higher in water
stressed crop than the non-stressed. The vegetation indices
like NDVI, RVI, PVI and GI were found lower for stressed
and higher for non-stressed crop.

Pest infestation

The remote sensing approach in assessing and
monitoring insect defoliation has been used to relate
differences in spectral responses to chlorosis, yellowing
of leaves and foliage reduction over a given time period
assuming that these differences can be correlated, classified
and interpreted (Franklin, 2001). The range of remote sensing
applications has included detecting and mapping defoliation,
characterization of pattern disturbances etc. and providing
data to pest management decision support system (Lee et
al., 2010). The possibility of forecasting and vulnerability
of forest tress to insect defoliation has also been reported as
tool for timely management (Luther et al., 2004). William
et al. (1979) evaluated different types of vegetation indices
on Landsat imagery acquired before and after defoliation to
differentiate between healthy and unhealthy vegetation cover.
Hall et al. (2003) also used Landsat multi-temporal change
detection approach to map defoliated forest of Canada which
showed similar results with other studies being carried out.
Clerke and Dull (1990), determined the extent and severity of
gypsy moth infestation in Virginia using imagery acquired by
SPOT. Insect defoliation outbreak has also been studied using
MODIS data (Kharuk ef al., 2007). De beurs and Townsend
(2008) concluded that MODIS data represent an important
tool for insect damaged defoliation and determination of
vegetation indices in plot scale.

Riedell et al. (2004) reported remote sensing technology
as an effective and inexpensive method to identify pest-
infested and diseased plants. They used remote sensing
techniques to detect specific insect pests and to distinguish
between insect and disease damage on oat. They suggested
that canopy characteristics and spectral reflectance
differences between insect infestation damage and disease
infection damage can be measured in oat crop canopies by
remote sensing.

Weed identification and management

Based on the wvariation in spectral reflectance
characteristics of weeds and crops, remote sensing technology
provides a means of identification of weed infestation in the
crop stand and further aids in the development of weed maps
by detecting the location of weeds within an agricultural field,
so that site-specific/need based herbicide can be applied. Kaur
et al. (2013) reported higher radiance ratio and NDVI values
in solid stand or pure wheat and minimum under solid weed
plots. It was observed that by using radiance ratio and NDVI,
pure wheat can be distinguished from pure populations of
Rumex spinosus beyond 30 DAS. Different levels of Rumex
populations could be discriminated amongst themselves from
60 DAS onwards.
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Water resource management

In the recent decades, the scarcity of water resources is
being experienced at global and regional level and, therefore,
needs to be managed judiciously by applying the state of
the art technologies. Remote sensing is one of the effective
tools for assessing and monitoring the water resources.
This technology has been widely used in water resource
applications (Gitelson and Merzlyak, 1996; Zagolski et al.,
1996; McGwire et al., 2000; Coops et al., 2002; Underwood
et al.,2003) and in particular, hyperspectral remote sensing is
emerging as the more in-depth means of investigating spatial,
spectral and temporal variations in order to derive more
accurate estimates of information required for water resource
applications. The advent of microwave remote sensing has
made possible the assessment of soil moisture availability
from remote sensing data.

Flood monitoring

Satellite remote sensing allows timely investigation for
large regions and provides frequent imaging of the region of
interest. Until recently, near real-time flood detection was
not possible, but with sensors such as Hyperion on board
the EO-1 satellite, this has been significantly improved.
Automated spacecraft technology has reduced the time to
detect and react to flood events in a few hours (Felipe et
al., 2006). Advances in remote sensing have resulted in the
investigation of early warning systems with potential global
applications. Most recent studies from NASA and the US
Geological Survey are utilising satellite observations of
rainfall, rivers and surface topography into early warning
systems by employing satellite microwave sensors to gauge
discharge from rivers by measuring changes in river widths
and satellite based estimates of rainfall to improve warning
sytems (Brakenridge et al., 2006).

Glaber and Reinartz (2004) detected flooded areas with
satellite data and investigated moisture classes in flood plain
areas in relation to water changes, accumulation of sediments
and silts for different land-use classes and erosive impacts
of floods. Roux and Dartus (2006) also estimated discharge
and flood hydrographs from hydraulic information obtained
from remotely sensed data. Optimisation methods were also
used to minimise discrepancies between simulations and
observations of flood extent fields to estimate river discharge.

Estimation of evapo-transpiration

Estimation of evapotranspiration (ET) is essential
for water resource management such as water and energy
balance computations, irrigation scheduling, reservoir water
losses, runoff prediction, meteorology and climatology
(Medina et al., 1998). Estimation of spatial variability in
evapo-transpiration is possible over a wide area by using
remotely sensed information coupled with surface energy
balance algorithms,. The energy emitted from cropped area
has been proven beneficial in assessing crop water stress as



the temperature of most plant leaves are mediated by soil
water availability and crop evapo-transpiration. Batra et al.
(2006) estimated evaporative fraction (EF), defined as the
ratio of ET and available radiant energy, by successfully
using AVHRR and MODIS data. Several studies (Kite and
Droogers, 2000; Loukas et al., 2005; Eichinger et al., 2006)
have been conducted using more detailed hyperspectral data,
ancillary surface data and atmospheric data for improved
spatial ET estimates.

The availability of water, radiant energy and the removal
of water vapour away from the surface are the major factors
that control ET. However these factors in turn depend on other
variables such as soil moisture, land surface temperature, air
temperature, and vegetation cover, vapour pressure, and wind
speed which may vary between regions, seasons, and time
of day. Generally these factors are accounted for by using
a combination of remote sensing data, ancillary surface
data and atmospheric data for the estimation of ET values
and has lead to extensive measurements of surface fluxes,
meteorological and soil variables (Wang et al., 2006). Batra et
al. (2006) successfully estimated ET based on the extension
of the Priestly-Taylor equation and the relationship between
remotely sensed surface temperature and vegetation spectral
indices. Folhes ef al. (2009) employed Landsat imagery in
conjunction with an evapotranspiration model to measure
water use levels in an irrigated area in the semi-arid northeast
region of Brazil. Results showed that the combination
approach of remote sensing and process modeling produced
better predictability of water consumption in irrigated
agriculture, and hence improved water resource management
inirrigated areas. Ines et al. (2006) combined Landsat7 ETM+
images and derived distributed data such as sowing dates,
irrigation practices, soil properties, depth to groundwater
and water quality as inputs in exploring water management
options in Kaithal, Haryana, India during 2000-2001 dry
season. They revealed that under limited water conditions,
regional wheat yield could improve further if water and crop
management practices are considered simultaneously and not
independently.

Climate change scenarios

Since climate is determined by a complex set of
physical, chemical, and biological elemental interactions
among the atmosphere, the hydrosphere and lithosphere,
making understanding and forecasting climate change a
challenging task (Hartmann, 1994). The climatic conditions
on the earth have been and will ever be changing. Amid the
dire warnings of severe weather perturbations and global
warming, scientists and policy makers have been searching
for ways to tackle the threats of climate change. It is
therefore, pertinent to understand the dynamic influence of
climate perturbations in these spheres both in real time and
at synoptic level. Human adaptation for such challenges will
require a synergy of data collection and analytical methods
which are capable of capturing and processing data at a faster
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rate. Under such conditions, remote sensing and GIS have
found wide applications in climate change analyses and
adaptations. Remote sensing enables the acquisition of large-
scale comprehensive datasets whereas GIS provides a means
of displaying, overlaying, combining data from other sources
and analysing the data (Chapman and Thornes, 2003).

The large collection of past and present remote sensing
imageries makes it possible to analyse spatio-temporal
pattern of environmental elements and the impact of human
activities in past decades. For climate change analysis, remote
sensing is a required tool for up-to-date environmental data
acquisition both at local and synoptic levels. Scientists are
now using satellite instruments to locate sinks and sources
of CO, in the ocean and land (Science, 2007). GIS on the
other hand has a very important role to play in environmental
monitoring and modelling for combining distributed field-
based measurements and remotely sensed data (Larsen,
1999). Chapmann and Thornes (2003) submitted that
climatological and meteorological phenomena are naturally
spatially variable, and hence GIS represents a useful solution
to the management of vast spatial climate datasets for a wide
number of applications.

Atmospheric dynamics

Among other applications, early civilian satellite
instruments were launched largely to meet the needs of weather
forecasting, (Sherbinin ef al., 2002). Meteorological satellites
are designed to measure emitted and reflected radiation from
which atmospheric temperature, winds, moisture, and cloud
cover can be derived. Hecker and Gieske (2004) reported
that remote sensing can be used for the determination of the
atmospheric radiances, emissivity and surface temperature.
Burrows et al. (1998) measured the absorption cross-sections
of NO, using the global ozone monitoring experiment
(GOME), which are important as accurate reference data
for atmospheric remote-sensing of NO, and other minor
trace gases. Foster and Rahmstorf (2011) took a time series
assessment of global temperature over land and ocean using
three surface temperature records and two lower-troposphere
temperature records based on satellite microwave data. All
the five series showed consistent global warming trends.
These results indicate that remote sensing and GIS can be
used effectively for global / regional climate change analysis.
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